In 1850, I found that certain lesions of the spinal cord of mammals are followed, after some weeks, by an epileptiform convulsive disorder.'
Brown-Sequard noticed three differences between epilepsy in animals and that in humans:
(1) Some animals cried out when they were irritated during fits, which suggested they remained conscious. Loss of consciousness was considered to be essential in epilepsy. Brown-Sequard argued that often the animals seemed to be deprived of consciousness. In humans, on the other hand, periods without loss of consciousness had been observed during seizures. (2) The animals did not foam at the mouth during a seizure while human beings sometimes did. (3) In animals the convulsions lasted two or three minutes, followed by a one-or two-minute period in which they could rise and stand. A new seizure might then occur. In humans these rapidly recurring seizures were rare, but might resemble those in animals. He drew the following conclusions from these observations:
(1) Spinal cord injuries might cause an epileptiform affection.
(2) A relation existed between parts of the spinal cord and branches of some of the nerves of the face and neck. (3) Epileptiform convulsions might be caused by slight irritation of certain nerves. (4) "Even when an epileptiform affection has its primitive cause in the nervous centres, some cutaneous ramifications of nerves have a power of producing convulsions, which other nerves, even directly connected with them, have not." (5) "The cutaneous ramifications of certain nerves may have the power of producing convulsions, while the trunks of the nerves lack this power."4 Of course such a discovery must have excited this ambitious physiologist and clinician, since he now had an experimental model of epilepsy. A recent example of such a discovery could be the use of 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP) to produce experimental Parkinson's disease. 5 Brown-Sequard did notice a difference between his artificially produced epilepsy and the real disease.
Brown-Se'quard's spinal epilepsy
This convulsive disorder closely resembles epilepsy. However, I believe it differs from that in the way that if, during the seizure, one pinches the animal, it sometimes yelps.6
Although the animal's cries could indicate consciousness, which would not occur in true epilepsy, Brown-Sequard stated that they were involuntary reflexes. "If it is not real epilepsy that I produce by damaging the spinal cord, it is at least an epileptiform affection".7 The epileptiform condition would belong to that group of convulsive diseases where the cause was sought "outside". Brown-Sequard referred to seizures brought about by an "aura", or a nerve lesion caused by, for example, a tumour.
Brown-Sequard was not the first to relate epilepsy to spinal cord lesions. Earlynineteenth-century concepts of epilepsy followed Marie-Jean-Pierre Flourens' (1794-1867) theory of the non-irritability of the cerebrum and cerebellum. Epilepsy was thought to originate in the medulla oblongata and spinal cord, which were irritable.8 Flourens' finding was one of the reasons why Brown-Sequard tried to explain the loss of consciousness with a complicated theory of constriction of the blood vessels. " (1593-1674) , the aura originated in the big toe. The patient was cured by the toe being burnt with a red-hot iron.'6 Tulp, a physician working in the Hippocratic tradition, of course interpreted the aura as the place from where bad vapours went to the brain. Treatment with a ligature around the toe and cupping had been unsuccessful in Tulp's patient. '7 The frequency of spontaneous seizures in Brown-Sequard's animals was related to the amount of space they had in their cages. Animals kept in small compartments and supolied with enough food suffered from more seizures than those in the reverse situation. Autopsies of the epileptic animals revealed congestion at the base of the brain and of the Gasserian ganglion on the same side as the spinal cord lesion.'8
Brown-Sequard concluded in a chapter on epilepsy in his Course of lectures, delivered to the Royal College of Surgeons in May 1858, that the spinal cord in animals might be the cause ("I do not say the seat") of an epileptic affection.'9 The fits could be produced in humans as well as in animals by an irritation of some part of the skin, and also from a source inside the body.
Brown-Sequard thought that these theories were proved by the fact that the "aura epileptica" could be prevented by several means from reaching the brain. However, the term "aura epileptica" did not have the same meaning as it does now. Brown-Sequard meant by it certain parts of the body, especially the skin, which were involved in the production of epileptic seizures. On another occasion Brown-Sequard explained that there was only one type of aura epileptica, "if we leave to this word the meaning which it has had for centuries, i.e., a local sensation preceding a fit". Brown In the animals with experimentally produced spinal cord injuries, Brown-Sequard thought the face to be the starting point of an aura epileptica. In these animals as well as in humans an interruption of nervous transmission between the starting point of the aura and the cerebro-spinal axis, seemed to cure epilepsy. The development of epilepsy in humans was in many cases similar to what took place in his animals: the convulsions at first were limited to a few muscles around the starting point of the aura epileptica; they then extended gradually to many others and at last attacked almost the whole body.27
Although Brown-Sequard did not wholly agree with his colleagues' theories, he used parts of them to create a new model for epileptogenesis:
(1) The increased excito-motory reflex power of Marshall Hall. As already mentioned, Hall explained epilepsy with a reflex theory. His "eccentric epilepsy"
21 Brown-Sequard, op. cit., note 19 above, p. 180. 22 The metamorphosis of the concept of idiopathic epilepsy is described by Temkin, op. cit., note I I above, pp. 
193
was a form of reflex action, the cause of which was at a distance from the nervous centre.28 It led to secondary changes in the brain accompanied by venous congestion, probably caused by closure of the larynx and expiratory efforts. (2) The plethora and anaemia theory of the anatomist and physiologist Jacob Henle (1809-1885): i.e., an increase or decrease in the amount of blood in the vessels at the base of the brain. Henle thought that the loss of consciousness during a seizure was caused by an increase or decrease of blood in the hemispheres. In the plethora form of epilepsy the hemisphere and the base of the brain were congested, whereas in the anaemia form the hemispheres collapsed. The convulsions were thought to be caused by an increased turgor at the base of the brain.29 A cramp in the muscles of the blood vessels might be the cause of an epileptic attack.30 (3) The humoral theory of Robert Bentley Todd (1809-1860), professor of physiology and pathology at King's College London. Todd paid attention to "epileptiform" convulsions occurring in patients with uremia and poisoning.3' He thought that a gradual accumulation of "morbid material" in the blood took place. (4) The vasomotor nerve theory of Claude Bernard (1813-1878), and Brown- Sequard himself. This refers to the action of the vasomotor nerves, which Brown-Sequard discovered, parallel with Claude Bernard. In 1852 Bernard had found that section of the cervical sympathetic nerves resulted in paralysis and dilatation of blood vessels in the head.32 Galvanic stimulation, as Brown-Sequard found out some months before him, resulted in the opposite.33 According to Brown-Sequard's model, in the most common form of epileptic seizures in human beings the following series of events were generated one after another:34
(1) Excitation of certain areas of Hall's excitomotory part of the nervous system through the peripheral nerves. (2) Contraction of the blood vessels of the brain and of the face, spasm of the muscles of the eyes and face, resulting in: (3) Loss of consciousness and paleness of the face. Brown-Sequard had shown that the same excitation that produced the first convulsions in muscles of the neck, the eyes, the larynx and the face, also produced contraction of the blood vessels of the "brain proper" (cerebral hemispheres), which was necessarily followed by loss of consciousness. that the loss of consciousness should be explained by some sort of inhibitory action, according to his well-known theories of action-a-distance. (4) Due to the loss of consciousness, accumulation of blood at the base of the brain was thought to result in extension of the initial excitation. (5) Tonic contraction of the laryngeal, cervical and thoracic expiratory muscles produced the epileptic cry. (6) Asphyxia and accumulation of "black" (non-oxygenated) blood in the brain and spinal cord resulted in clonic convulsions. (7) Exhaustion of "nervous power and reflex faculty" (irritability and ability to produce reflexes). That Brown-Sequard recognized the association of epilepsy with brain lesions is demonstrated by a reference he made in his monograph Researches on epilepsy to a case, observed in 181 1, of a man with cramps in the little finger of his right hand, which often caused a "Jacksonian march" until a generalized convulsion appeared. At the autopsy an enormous tumour was found in the left side of the cerebrum.39 In Brown-Sequard' s model the tumour would have produced a specific change in the peripheral nerves, causing a "change of nutrition in the arm" which rendered it able to excite fits of epilepsy.40 He found it even more probable that this change was not directly caused by the brain, but by "irritation of the sensitive or excito-motory nerves of the scalp, or in consequence of the compression of the base of the encephalon". cit., note 11 above, p. 284. 37 C. E. Brown-Sequard, 'De la perte de connaissance dans l'epilepsie apres l'ablation du ganglion cervical superieur du nerf grand sympathique, des deux c6t6s, chez l'homme et chez le cobaye', Arch. Physiol. Norm In 1859 Brown-Sequard described the hereditary character of the affliction. The epileptiform convulsions of the parents were not the same in the new-born guinea pigs; convulsions could not be produced by pinching the skin of the face as was possible in their parents, though spontaneous convulsions occurred in both. There was another difference too: when the convulsion started the animal trembled, after that it fell on its side and then shook its extremities spasmodically. Half of the epileptic animals were born from mothers that had become epileptic after spinal cord lesions and the other half from fathers treated in the same way. Not all descendants of an epileptic animal became epileptic. BrownSequard assumed there was no natural epileptic tendency in guinea pigs, since he had never observed convulsions in any animals that had not been subject to a spinal cord lesion, "and yet the number of healthy guinea pigs that I have kept for months is really immense".5
According to Brown-Sequard these observations were of great value, since they gave new evidence of similarities for those who related human epilepsy to the convulsive affection in mammals determined by heredity. "The more the analogy between these two illnesses becomes evident, the more the study of epilepsy in animals... may help the difficult research that is still demanded for human epilepsy". Brown-Sequard examined the spinal cords of the epileptic offspring macroscopically and microscopically, but did not observe abnormalities. He concluded that it was not the local injury that was transmitted, but the "alteration or general organic tendency of the nervous system produced by the lesion, and that was deeply imprinted in the parents or in one of them".54
The fact that Brown-Sequard presented these observations to the Societe de Biologie and published them in 1859 in the Comptes rendus de la Societe de Biologie and in 1860 in the Proceedings of the Royal Society of London,55 several years after he had observed them, might be of importance. Probably following the second publication, Darwin corresponded on the subject with the professor in anatomy at Harvard University, Jeffries Wyman (1814-1874): "Speaking of inheritance, I was long inclined to entirely disbelieve with you, that mutilations are ever inherited ...; but I have of late been rather staggered; & now Brown-Sequard's case of inherited epilepsy from mutilation seems to almost settle the question".56 Darwin's On the origin of species was published on 24 November 1859. Even in his lecture on epilepsy, delivered at the Royal College of Surgeons in May 1858 and published in his Course of lectures,57 Brown-Sequard did not mention the hereditary characteristic he had observed in his animals. He gave his first lecture on the subject to the 52 C. E. Brown-Sequard, 'De la transmission par heredite chez les mammiferes et particulierement chez les cochons d'Inde, d'une affection epileptiforme, produite chez les parents par des lesions traumatiques de la moelle epiniere', C r. Soc. Biol., 1859, 11: 194-5.
51 C. E. Brown-Sequard, 'Hereditary transmission of an epileptiform affection accidentally produced', Proc. R. Soc. Lond., 1860, 10: 297-8. 54 Brown-Sequard, op. cit., note 52 above, p. Although Brown-Sequard had referred to the hereditary character of acquired epilepsy more than once since 1859, it is hard to discover through direct comment his attitude towards evolutionism. We may assume from Darwin's words that Brown-Sequard "agreed with him".
Brown-Sequard's ideas on the hereditary character of experimentally induced epilepsy in guinea pigs were gladly accepted by Darwin who referred to them in some of his books.72 In a chapter on inheritance he wrote:
But perhaps the most remarkable and trustworthy fact is that given by Dr. BrownSequard, namely, that many young guinea pigs inherited an epileptic tendency from parents which had been s-ubjected to a particular operation, inducing in the course of a few weeks a convulsive disease like epilepsy.
Darwin's conclusions were:
On the whole, we can hardly avoid admitting, that injuries and mutilations, especially when followed by disease, or perhaps exclusively when thus followed, are occasionally inherited.73
Darwin cited as an example of this the case of certain short-tailed monkeys, in whom a part of the tail which was functionally useless became a rudimentary and distorted hereditary feature as a result of being continuously rubbed.74 The subject of hereditary transmission in Darwin's theories was not, however, essential. Although, like Lamarck, he believed in "soft heredity" (direct environmental influence on heredity), his theories of evolution by natural selection were separated from any particular mechanism of inheritance. They merely required the presence of inherited variability by whatever means.
How then are we to understand the references to Brown 
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Brown-Sequard's spinal epilepsy The hereditary character of "Brown-Sequard's epilepsy" was criticized at the end of the nineteenth century by various scientists, and early this century it was suggested that the experimental animals, after spinal lesions had been made, bit off the toes they could not feel-both their own and those of their offspring-so that they were unable to groom themselves properly and therefore lice accumulated on the skin causing "epileptiform" seizures.76 In 1930 the hereditary transmission of traumatic foot, eye and ear abnormalities were considered as coincidental congenital anomalies. 77 Brown-Sequard's theory of epilepsy evolved partly from the authoritative opinion of Flourens who had found that the cerebrum and cerebellum were not irritable. BrownSequard tried to confirm this experimentally. His own experience with the phenomenon of inhibition and dynamogenesis (excitation), led to his concept of action a' distance, and contributed to establishing his theory of epilepsy, in which he made use of contemporary theories of epileptogenesis. As has been shown, Brown-Sequard used the theories of Hall, Henle, Todd, and Bernard to build his own theory, which, however, has to be considered in the light of the lifelong development of his localization-concept of the nervous system, based on inhibition and dynamogenesis (excitation).78 He built a network system in which actions from a distance could inhibit or excite other areas of the nervous system. With this concept he was able to explain why lesions in different parts of the nervous system could produce the same effects. According to this theory he changed the original view on the crossing sensory pathways in the spinal cord, by which his name became associated with syndromes following injuries to half the spinal cord,79 and he also changed his explanation for the loss of consciousness in seizures after he had concluded that sympathetic cerebral vasospasm could not be the cause.
Brown-Sequard' s concept of spinal epilepsy played an important role in the development of mid-nineteenth-century theories of the disease. He remained in the centre of the medical world in France and England, where he picked up contemporary knowledge on epilepsy and, in turn, influenced others. The concept of the hereditary character of acquired epilepsy in experimental animals was published in the same period as On the origin ofspecies, and contributed to Darwin's theories. Some decades later it was shown to be based on a wrong interpretation of observations.
